There was evidence to suggest that the entry of copper into blastocyst lysosomes was followed by release of lysosomal enzymes, cellular autolysis and death of the affected cells. In the uterus, the toxic effects of copper appeared to be confined to the epithelial cells, whose detachment from the mucosal surface may constitute a protective mechanism. The early effect of copper on the blastocyst suggests that this is the primary site of action of the metal.
INTRODUCTION
In a study of the process of implantation in the rabbit (Abraham, Hendy, Dougherty, Fulfs & Golberg, 1970) , the objective was to examine the inter¬ action between blastocyst and uterine epithelial cells, with particular emphasis on the distribution and functional changes in lysosomal enzymes in the two cell types before and during implantation. No remarkable changes were found in the lysosomes of the blastocyst, but those of the uterine epithelial cells exhibited a series of striking structural alterations believed to represent responses to the presence and attachment of the blastocyst.
In order to examine the rôle of lysosomes in conditions involving interference with implantation, a copolymer of mixed phenylmethylcyclosiloxanes was chosen. Previous studies had shown that this material, when given to rabbits on Days 4 and 5 of pregnancy, prevented implantation (LeFevre, Coulston & Golberg, 1972) . In contrast to the meagre number of lysosomes seen in normal blastocysts, those blastocysts recovered from siloxane-treated does on Day 6 were found to contain large lysosomal aggregates. On the other hand, lysosomes in the uterine mucosa on Days 6 to 11 remained unaffected, an event associated with the integrity of the uterine tissues. A primary cytotoxic action of the poly¬ meric siloxanes on the blastocyst was postulated (Abraham, Fulfs, Golberg & Coulston, 1973) .
Like other heavy metals, copper is known to be localized in renal and hepatic lysosomes (Koenig, 1963; Goldfischer, 1965) . The toxic effects of such metals are thought to be mediated, at least in part, through the action of the metals on lysosomes (Lindquist, 1968) . Copper has proved useful as an intrauterine con¬ traceptive device in rabbits (Zipper, Medel & Prager, 1969) , rats and hamsters (Chang, Tatum & Kind, 1970) and women (Zipper, Medel, Pastene, Rivera & Tatum, 1970; Newton, Elias & McEwan, 1972) , but its mode of action remains controversial. The present investigation was undertaken to ascertain the action of copper on uterine and blastocyst lysosomes in an effort to clarify one possible mechanism by which intrauterine contraceptive action is brought about by this metal.
MATERIALS AND METHODS
Female New Zealand rabbits (3-5 to 4-5 kg) were used in this study. The proce¬ dure was essentially that described by Zipper et al. ( 1969) Fig. 1 ).
Electronmicroscopy of 6-day-old blastocyst Adequate accounts are available in the literature describing the fine struc¬ ture of the rabbit blastocyst (Enders, 1971) . Blastocysts obtained from the left horns appeared normal in every respect.
Blastocysts derived from the copper-bearing right horns displayed nuclei with unusual chromatin patterns, or appeared to be undergoing degeneration (PI. 1, Fig. 3a ). Numerous membrane-bound vacuoles were observed that contained amorphous or fibrillar material (PI. 1, Fig. 3b ), membranous inclu¬ sions (PI. 2, Fig. 4 Fig. 9 ). In the distal region of the uterus (3 cm away from the end of the copper wire), minimal changes were observed (PL 3, Fig. 10 ). On Day 6 of gestation, there was an interesting rearrangement of the lysosomes to an entirely infranuclear position (PI. 3, Fig. 11 Fig. 9 . Section of uterus obtained from an area close to the copper wire, shows normal and degenerate epithelial cells, some of the latter lying free in the uterine lumen and others in the process of detachment. X 460. Fig. 10 . In contrast to Fig. 9 , this photomicrograph of the uterus appears normal, and was obtained from a region 2 to 3 cm away from the copper wire, 460. Fig. 11 . Similar to Fig. 10 (Lindquist, 1968) and indicate a general stimulation of the lysosomal system in response to uptake of ionic copper into these organdies within the blastocyst. It seems reasonable to believe that overloading of lysosomes by copper initiates release of acid hydrolases into the cytoplasm, causing necrosis of numerous cells and loss of viability, with eventual disintegration of the blastocyst.
The localization of copper in hepatic lysosomes is well known through work in experimental animals (Verity, Gambell, Reith & Brown, 1967; Lindquist, 1968; McNatt, Campbell & Callahan, 1971) and studies in patients with Wilson's disease (Goldfischer, 1965) . According to Goldfischer & Sternlieb (1968) , segregation of the metal in lysosomes initially protects the rest of the cell from copper toxicity, but excessive accumulation permits release into the cell cytoplasm, where the metal binds with sulphydryl-rich proteins and causes structural and metabolic changes. However, there is evidence that copper exercises direct effects on lysosomes, producing a marked increase of three lyso¬ somal hydrolases in vivo: /?-glucuronidase, acid phosphohydrolase, and Nacetyl-jß-D-glucosaminidase (Verity et al., 1967) . Copper also releases acid phosphatase from lysosomes following exposure in vitro and increases appreci¬ ably the activities of non-sedimentable (unbound) sulphatase, acid phosphatase and cathepsin. A possible mechanism for the cytotoxic action of copper may be the initiation of cell damage by lipid peroxidation of, and damage to, lysosomal membranes by the sequestered copper, resulting in leakage of acid hydrolases into the cell cytoplasm. Enzyme changes are accompanied by an increase in the numbers of primary and secondary lysosomes (autophagic vacuoles), some of which contain copper (Lindquist, 1968 (Abraham et al., 1973 ).
The anti-fertility effect of copper Many suggestions have been advanced for the mode of action of copper in intrauterine devices and have been reviewed by Segal (1970) and Zipper et al. (1970) . Some authors consider that copper is toxic to the blastocyst (Brinster & Cross, 1972; Noesland, 1972) , while others contend that the metal acts primar¬ ily on the uterus . Segal (1970) (Parr, Schaedler & Hirsch, 1967) .
The present investigation has demonstrated that rabbit blastocysts are permeable to copper and that the metal becomes sequestered in lysosomes. Overloading of these lysosomes with copper probably would result in release of their contained enzymes and cell death. Effects of copper on the uterus were confined to the epithelial cell lysosomes and appeared to be secondary to those sustained by the blastocyst. Detachment of uterine epithelial cells rich in acid phosphatase and copper, and their eventual expulsion into the uterine lumen, could be a protective mechanism by which the rest of the uterine tissue escapes the toxic effects of the metal. This sequence of events strongly suggests that the blastocyst is the primary target through which copper exerts its antifertility effects. The relevance of these findings to other species, such as the rat and monkey, in which a powerful leucocytic response has been noted (Cuadros & Hirsch, 1972) must await investigation by the techniques reported here.
